This experiment was conducted on 20 wheat genotypes during 2010-2011 growing season at the Razi University, Kermanshah, Iran. A completely randomized design with six replications was used for callus induction and a 20 × 2 factorial experiment with three replications was used for response of genotypes to in vitro drought stress. ANOVA exhibited highly significant differences among the genotypes for callus growth rate, relative fresh mass growth, relative growth rate, callus water content, percent of callus chlorosis and proline content under stress condition (15 % PEG). PCA showed that the integrated selection index was correlated with callus growth index, relative fresh mass growth, relative growth rate and proline content indicating that these screening techniques can be useful for selecting drought tolerant genotypes. Screening drought tolerant genotypes and in vitro indicators of drought tolerance using mean rank, standard deviation of ranks and biplot analysis, discriminated genotypes 2, 18 and 10 as the most drought tolerant. Therefore they are recommended to be used as parents for genetic analysis, gene mapping and improvement of drought tolerance. Popolno naključni načrt poskusa s šestimi ponovitvami je bil uporabljen za indukcijo kalusa, z 20 × 2 faktorskim poskusom s tremi ponovitvami pa se je ugotavljal odziv genotipov pšenice na sušni stres v razmerah in vitro. ANOVA je pokazala visoko značilne razlike med genotipi v rasti kalusa, prirastku sveže mase, hitrosti njene prirasti, vsebnosti vode v kalusu, odstotku kloroze kalusa in v vsebnosti prolina v stresnih razmerah (15 % PEG). PCA analiza je pokazala, da je integralni selekcijski indeks koreliral z indeksom rasti kalusa, s prirastkom sveže mase, hitrostjo njene prirasti in vsebnostjo prolina, kar kaže, da so te presevne metode uporabne za izbor na sušo odpornih genotipov. Pri izboru na sušo odpornih genotipov s kazalniki ospornosti na sušo v in vitro poskusu kot osnovnim merilom, sta standardna deviacija vrednosti analiziranih znakov in "biplot" analiza izločili genotipe 2, 18 in 10 kot najbolj odporne na sušo. Zaradi tega so bili ti priporočeni za uporabo kot starševske rastline za genske analize, gensko mapiranje in izboljševanje odpornosti na sušo.
INTRODUCTION
Common wheat (Triticum aestivum L.) as one of the most widely adapted and strategic crop, plays an important role in food security and poverty alleviation and has an important role in economy (Khan et al., 2011) . It is nutritious, easy to store and transport and can be processed into various types of food. Wheat production will have to be doubled to 1200 MT by the 2025 in order to meet increasing world demands and future needs (Vasil, 2003) . But, wheat production is restricted by drought exposed areas and this loss led to considerable economic and social problems due to its great importance on human nutrition (Ilker et al., 2011) .
Drought is one of the major causes of crop loss worldwide commonly reduces average yield for many crop plants by more than 50 % (Bayoumi et al., 2008; Pan et al., 2002) . Reducing the losses of crop production due to drought stress is a major area of concern to ensure food security (Anjum et al., 2011) . So, it is an urgent need to develop new genotypes with traits that could not only tolerate serious drought stress at various stages of growth but can also produce higher grain yield under drought stress conditions (Amiri et al., 2013) . The ability of improving wheat genotypes that are able to maximum use of existing water and drought tolerant is one of the main aims of increasing grain yield potential in semi-arid and dry areas (Ghasemali et al., 2011) . Therefore, developing high-yielding wheat genotypes under drought conditions in arid and semi-arid regions is an important aim of breeding programs (Leilah and AL-Khateeb, 2005) . But success has been limited by inadequate screening techniques. Therefore, wheat breeders are always looking for new means to improve grain yield and other agronomic traits (Khakwani et al., 2011) . The adoption of new criteria such as Integrated Selection Index (ISI) through a physiological approach may help in achieving some of the aims to increase wheat yield. A physiological approach would be the most attractive way to develop new varieties (Araus et al., 2008) . Understanding the physiological processes associated with yield's trait relationships in modern wheat genotypes is essential to further increase grain yield and improve management strategies (Yea et al., 2011) . Measurements of different physiological processes of plant response to drought is an important information on the reactions of the plant intended to remove or to reduce the harmful effects of water deficit in the soil or plant tissues.
An another view, breeding for drought tolerance by selecting solely for grain yield is difficult due to its low heritability under drought conditions . Much attention is shifted towards crop improvement biotechnological technique. Tissue culture techniques are becoming increasingly popular as an alternative means of plant vegetative propagation, mass production of chemicals, and genetic engineering (Shah et al., 2009) . Adoption of novel techniques such as exploitation of In vitro tissue culture may facilitate to increase food production and nutritional values of crops (Mahmood et al., 2012) . In vitro selection technique has been used to improve abiotic environmental stresses such as cold hardiness, salt tolerance and drought tolerance (Zair et al., 2003; Bajji et al., 2004; Gawande et al., 2005) . In vitro culture of plant cells and tissues such as mature embryos and immature embryos has attracted considerable interest over recent years because it provides a means to study plant physiological and genetic processes and offers a potential to improve cultivars by increasing genetic variability and are considered to be an important complement to classical plant breeding methods (Binott et al., 2009; Sorkheh et al., 2011) .
The main aims of the present study were therefore to (1) screen bread wheat genotypes for drought tolerance under in vitro conditions and (2) introduce an integrated selection index for callus physiological indicators of drought tolerance.
MATERIALS AND METHODS
Twenty bread wheat genotypes including a cultivar and 19 landraces of Kermanshah province, listed in Table 1 , were provided from Seed and Plant Improvement Institute of Karaj, Iran. A Completely Randomized Design (CRD) with six replications was used for callus induction and a 20 × 2 factorial experiment based on CRD design with three replications was carried out for response of genotypes to in vitro drought stress during 2010-2011 growing season at the Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran (latitude 34˚ 21' North, longitude 47˚ 9' East, altitude 1319 m above sea level). The genotypes were exposed to 15 % concentration of PEG 6000 (Merck, Germany) for 14 days, beside 0 % concentration as control. The growing morphogenic calli derived from mature embryos were also exposed to Murashige and Skoog (1962) medium without PEG and medium containing 15 % concentration of PEG. Spikes were harvested from main tillers at the physiological maturity stage of growing cycle. Seeds of them were rinsed with water then were surface-sterilized in 70 % (v/v) ethanol for 5 min, rinsed thrice with sterile distilled water, incubated further in commercial bleach (5 % sodium hypochlorite) for 10-15 min and rinsed thrice with sterile distilled water again. In order to easy separating of embryos, seeds were incubated in sterile distilled water for 30 min. All the operations and inoculation were performed under strict aseptic conditions in a laminar airflow cabinet. The surface-sterilized seeds were incubated at 33 °C for 2 h in sterile distilled water for imbibitions to occur. The mature embryos were easily separated from the endosperm in imbibed seeds and placed scutellum up on MS medium supplemented with 30 g.l -1 sucrose and was adjusted to pH = 5.7, solidified with 8 g.l -1 agar and 2.5 mg.l -1 2,4-dichlorophenoxy acetic acid (2,4-D) (Merck, Germany). The medium was autoclaved at 121 °C for 20 min and incubated at 25 °C for 28 days in growth chamber and in the darkness. Callus was maintained by sub-culturing every 21-28 days on the same MS medium. In drought stress conditions the cultures were kept in an incubator without any light. The following callus characteristics were measured under drought stress conditions: 
Callus Growth Rate (CGR)
CGR (mm.day -1 ) of cultured embryos on MS medium were measured at 7, 14, 21 and 28 days, respectively after transferring calli to medium. CGR was calculated using the following formulas (Compton, 1994) : 
Relative Fresh Mass Growth (RFWG)
Where M 1 and M 2 are the initial mass of callus before and after four weeks, respectively (Chen et al. 2006 ).
Relative Growth Rate (RGR)
Where M 1 and M 2 are the initial and final mass of callus and GP is the growth period, respectively (Birsin and Ozgen, 2004) . The time interval between two consecutive measurements was 21 days.
Callus Growth Index (CGI)
CGI or increasing value of callus fresh mass was calculated as:
Where M 0 is the mass of callus before treatment and M 1 the final mass of callus after two weeks of treatment (Abdelsamad et al., 2007) . Callus growth index was calculated for two levels of PEG (0 and 15 %) and the average of two levels was used for calculation.
Relative tolerance (Rt %)
Percentage of Rt was calculated for each genotype using the following formula (Abdelsamad et al., 2007) :
Rt % = (value under stress / value under nonstress) × 100
Reduction Percentage (RP)
RP was calculated for the both stress (15 %) and non-stress level (0) using the following formula (Abdelsamad et al., 2007) : RP = (value under 15 % stress level -value at 0 % stress level)
Callus Water Content (CWC)
Callus samples of known fresh mass were dried in an oven set at 70 ˚C for 24 h and RWC was calculated by following formula (Errabi et al., 2006) :
Where, FM and DM are the callus fresh and dry mass, respectively.
Percentage of Callus Chlorosis (PCC)
PCC (%) was determined visually as percentage of necrotic callus, 16 days after moving callus to the PEG containing medium.
Proline Content (PC)
Extraction and estimation of free proline content was done according to the procedure described by Errabi et al. (2006) .
Integrated Selection Index (ISI)
Based on statistical analysis of studied traits and the following three formulas ISI was calculated (Farshadfar, 2012) :
Where S ij = standardized physiologic value of trait j (j = 1 to 9, i.e. CGR, RFMG, RGR, CGI, Rt %, RP, CWC, PCC and PC) in genotype i under nonstress (w) and stress (d) conditions, X ij = callus characteristics value of genotype i on trait j, µ j = mean value of trait j in all genotypes, j = the standard deviation of trait j, MP ij = the mean productivity of trait j on genotype i, b j the mass value of trait j, b j was populated from the average contribution to factor 1 and ISI = integrated selection index. Formula (1) standardizes the value of different traits to the same unit of measure; formula (2) evaluates the appearance of genotypes for each trait; and formula (3) integrates the appearance of genotypes for all traits. Rank sum (RS) = Rank mean ( i) + Standard Deviation of Rank (SDR) .
Statistical analysis

RESULTS
Analysis of variance and mean comparisons
Highly significant differences were observed among the genotypes for CGR, RFMG and RGR (Table 2) . Analysis of variance for callus growth rate (CGR), relative fresh mass growth (RFMG), relative growth rate (RGR), callus water content (CWC), percentage of callus chlorosis (PCC) and proline content (PC) indicated highly significant differences among the genotypes in the stress conditions (15 %) ( Table 3 ). The analysis of variance also showed significant effect of the 15 % concentration of PEG on the indicators of drought tolerance in comparison with untreated control. Moreover, the genotype × drought interaction for CWC and PC was significant. The results indicated that CGR, RFMG, RGR and CWC decreased in the stress condition (15 % PEG level) as compared with non-stress condition (0 % PEG Level) but, PC and PCC were increased in 15 % PEG level as compared with 0 % PEG level (Table 4) .
The results obtained from 
Screening drought tolerance indicators and drought tolerant genotypes
In vitro indicators of drought tolerance
Callus growth index (CGI) exhibited remarkable differences among the genotypes in the means of increasing value of selected calli. Genotypes number 2, 10, 18, 19 and 13 showed the highest callus increasing value, respectively (Table 5 ). The highest amount of relative tolerance (Rt %) in the induced drought stress condition was attributed to genotypes number 5, 11, 3, 9 and 14, respectively.
The lowest amount of reduction percentage (RP) from 0.0 to 15 % PEG belonged to genotypes number 17, 7, 3, 4 and 5 and the highest amount of RP was shown by genotype number 20 (Table 5) . With regard to callus (resulted from mature embryos) increasing value, percentage of relative tolerance (Rt %) and the amount of reduction percentage (RP) genotypes number 2 and 5 were selected as the most drought tolerant at in vitro conditions. 
Biplot analysis method
The relationships among different physiological indices of drought tolerance are graphically displayed in a biplot of PCA 1 and PCA 2 (Figure 1) . The PCA 1 and PCA 2 axes which justify 71.46 % of total variation, mainly distinguish the indices in different groups. CGR groups RP and we refer to group 1 = G1 indices which introduce genotypes number 13, 15 and 16 as mild drought tolerant. The PCs axes separated ISI, CGI, RFMG, RGR, PC and CWC in a single group (G2) that identify genotype number 2, 1, 7, 10 and 18 as the most drought tolerant. PCC and Rt % were separated as groups 3 (G3) and 4 (G4) that distinguished genotypes 17, 20, 8 and 3, 4, 5, 11 
.3 Ranking method
In consideration to all indices, genotypes number 10, 18, 16, 15 and 2 exhibited the lowest RS respectively; hence they were identified as the most drought tolerant genotypes, while genotypes number 17, 4, 8, and 20 as the most sensitive (Table 5) .
DISCUSSION
Observation of highly significant differences among the genotypes for CGR, RFMG and RGR indicated the presence of genetic variability, different responses of genotypes to callus induction and possible selection of callus induction in bread wheat genotypes at in vitro level using mature embryos of wheat. Abdulaziz et al. (2002) studied the callus to varying degree of polyethylene glycol (PEG)-induced water stress. They studied callus growth, water content and proline accumulation, and their results revealed that increasing water stress induced by increasing concentration of PEG caused a progressive reduction in callus fresh mass. In the present work, the sharp increase in proline content might theoretically, attribute to the genes for synthesis and degradation of proline which are up-regulated strongly under drought stress. It might be an adaptation to the purpose of which is to overcome the stress condition and it could supply energy for growth and survival and thereby help the plant to tolerate stress (Sankar et al., 2007) . Abdelsamad et al. (2007) reported that significant differences of genetic responses were observed for the four wheat genotypes at 10 and 20 % PEG for callus induction, callus fresh mass, growth index, relative water content and relative tolerance percentage.
Principal component analysis (PCA), based on the rank correlation matrix was used to better understand the relationships, similarities and dissimilarities among the in vitro indicators of drought tolerance. One interesting interpretation of biplot is that the cosine of the angle between the vectors of two indices approximates the correlation coefficient between them. The cosine of the angles does not precisely translate into correlation coefficients, since the biplot does not explain all of the variation in a data set. Nevertheless, the angles are informative enough to allow a whole picture about the interrelationships among the in vitro indices (Yan and Kang, 2003) . This procedure was also employed in chickpea (Cicer arietinum L.) (Zali et al., 2011) for clustering stability statistics, in barley (Khalili et al., 2013) and in bread wheat Farshadfar et al., 2013a,b) for screening selection criteria of drought tolerance.
The estimates of different indicators of drought tolerance indicated that the identification of drought-tolerant genotypes based on a single criterion was contradictory. Therefore, the ranking method can be used to have an overall judgment. In this method to determine the most desirable drought tolerant genotype according to the all indices mean rank, standard deviation of ranks and rank sum (RS) of all criteria is calculated. Results of the ranking method showed that genotypes number 10, 18, 16, 15 and 2 exhibited the lowest RS respectively; hence they were identified as the most drought tolerant genotypes, while genotypes number 17, 4, 8, and 20 as the most sensitive. These results are in agreement with the results of our new index (ISI). Therefore they can be used as parental materials for crossing, genetic analysis, mapping quantitative trait loci (QTLs) and marker assisted selection. The same procedures have been used for screening quantitative indicators of drought tolerance in barely (Khalili et al., 2013) , in wheat (Mohammadi et al., 2011) and in bread wheat (Farshadfar, 2012; Farshadfar et al., 2013a,b) .
CONCLUSION
Screening drought tolerant genotypes and indicators of drought tolerance using mean rank, standard deviation of ranks and biplot analysis under in vitro condition, which led to save time and money, discriminated genotypes "WC-4530", "WC-4931" and "WC-47399" as the most drought tolerant. These genotypes should be tested in a field trial and then looking for the association or correlation between in vitro and in vivo conditions. Therefore, these genotypes can be recommended to be used as parents for genetic analysis, gene mapping and improvement of drought tolerance in bread wheat when the results of in vitro and in vivo conditions are certified.
